Abstract -Starting from a tricyclic diketone (14) obtained by Bowman's method, a tetracyclic oxonaphthalene derivative (17) has been prepared through intramolecular aldol condensation followed by indole → naphthalene isomerization. An unexpected formation of a lactol ether (16) was observed as a result of acidic treatment of 14. Two modified reaction sequences starting from Nmethyl derivatives have also been presented. The keto ketal (26) gave a macrocyclic lactol (27) with unexpected structure as a result of deketalization with trimethylsilyl iodide. The formation of a tetracyclic lactam (37) was observed while applying the modified Reformatsky reaction to ketone (33).
On the other hand, they finally succeeded in synthesizing a tricyclic diketone with an urethane group (14, Scheme 1) by applying a longer but fruitful route. Compound (14) would be suitable for an intramolecular aldol condensation leading to a tetracyclic α,β-unsaturated ketone but the cyclization step failed. While working on the total synthesis of 1 via an 8-oxo-derivative, 1 we also prepared 14 hoping to find a reagent for the ring closure, and at the same time to modify the original pathway (e.g. to synthesize Nmethyl derivatives instead of urethanes).
Scheme 1 depicts Bowman's approach which was carried out with a few modifications as described in the EXPERIMENTAL. Uhle's ketone (6) 4 was protected as N-tosyl derivative using the combination of Illi 5 and Kikugawa's procedure 6 for N-sulfonylation of indoles. The N-protected ketone (7) 7 was treated with bromine-1,4-dioxane to yield α-bromo ketone (8). Bromine→azide exchange was performed with NaN 3 , and the carbonyl function of 9 was protected as ethylene ketal (10). Reduction of azide (10) with LAH
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supplied amine (11) which was allowed to react with methyl chloroformate to afford urethane (12) . (In the 1 H NMR spectra of compounds (12) (13) (14) , a characteristic duplication of the signals was observed at room temperature due to the hindered rotation of the amide group. By elevating the temperature those signals undergo coalescence and subsequent signal sharpening). The sodium salt of 12 was alkylated with propargyl bromide into an acetylene derivative (13). Classical Kucherov reaction (aqueous H 2 SO 4 , HgSO 4 ) transformed the acetylene side chain into an acetonyl group, and at the same time the carbonyl function was regenerated in the acidic solution to afford diketone (14) .
The intramolecular aldol condensation between two ketones, the aldolization-dehydration process, is widely used to prepare cyclic α,β-unsaturated ketones. 8 About half thousand examples can be found in the Beilstein on-line system, and this commonly used step was applied in several sophisticated total syntheses of natural products. 9 However, the aldol condensation of ketones leading to substituted piperidines is a rather unique transformation. In the literature only four reagents were found to perform such application: NaOMe in EtOH, 2 PPA in nitromethane, 10 aq. H 2 SO 4 , 11 LiBr and triethylamine in THF. 12 In order to obtain a tetracyclic ketone starting from 14 by intramolecular aldol condensation, several metal alkoxides (NaOMe, NaOEt, tert-BuOK in several types of solvents) were tried unsuccessfully in accordance with Bowman's examinations as verified by Novartis researchers. 12 Other bases (LHMDS, LDA, n-BuLi and t-BuOK) gave unsuccessful reactions too. While using LiBr as a reagent, in addition to the starting material only an oxidized compound (15) (Scheme 2) was obtained in a low yield, when the reaction mixture was allowed to react for 3 days at room temperature. (A similar carbon-nitrogen bond cleavage in urethanes has already been described in our earlier examinations). 13 On boiling a solution of 14 (benzene, 2 h) in the presence of 4-toluenesulfonic acid, 14 a totally unexpected lactol ether (16) 
as solvent for chromatographic purification). The indole → naphthalene isomerization via migration of double bonds under strong acidic conditions is a well known characteristic of lysergic acid derivatives. 15 Since we successfully used KF/Al 2 O 3 as base in a cyclization step in the course of our enantioselective synthesis of epibatidine, 16 14 was allowed to react with KF on basic Al 2 O 3 17 in benzene resulting in a tetracyclic ketone (17) . The formation of ring D and the rearrangement of rings B and C is evidenced by the NMR spectroscopic experiments. The H-10 methylene protons gave NOE with H-1, while the protons of the other methylene group (H-5) gave NOE with the aromatic proton at 7.5 ppm (H-6). Moreover, the long-range heterocorrelation of the H-10 protons with the quaternary carbons of ring C also corroborate the tetracyclic ketone structure proposed for 17.
It is worth mentioning that KF on neutral Al 2 O 3 or the basic Al 2 O 3 without KF did not afford the cyclized product, though Al 2 O 3 may also serve as an excellent reagent for the aldol condensation. 18 The structure (17) indicates that we first succeeded in constructing the desired bond starting from diketone in the indole series, but unfortunately migration of the double bonds vitiates the value of this result. Moreover, the structure (17) contradicts the simple molecular orbital calculations. 15, 19 While the π-electron system of 1 is transformed to the more stable naphthalene system and the isomerization is essentially irreversible in an acid catalysed process, in the case of 8-oxo derivatives (18, 19; Scheme 3) the position of this equilibrium is expected to be reversed and therefore ketonaphthalene (19) might be convertible to 8-oxoergolene (18) by isomerization. The cited calculations on 18 and 19 suggest that this isomerization might succeed, the resonance energy of 18 favors it to the ketonaphthalene (19) by 0.136β.
This hypothesis initiated an approach to synthesize 18 via 19 in the hope that ketoergolene (18) should be a useful precursor to synthesise 1. To verify these simple calculations and hypotheses a few experiments were performed, the final synthetic version, however, has never been published.
We tried to find some experimental proof for the last mentioned equilibrium. 8-Oxoergolene (18, prepared by degradation of 1 by using Bernardi's method) 20 was transformed into N-tosyl derivative (20, 21 66 %). The transformation of 20 was examined in an NMR tube (DMSO-d 6 ; acid catalyst:
CF 3 CO 2 D) for about 4-5 weeks at room temperature. The spectra were run about twenty times during this period. The first spectra ( 1 H, 13 C) showed a well-defined ionic compound (21) which was transformed gradually into a betaine (22) nearly as the only product. (This betaine-like structure has been known in the dihydroindole series for a long time and the formation of the pyridyl ring was interpreted by a simple oxidation step). Later, we have performed more sophisticated semiempirical 22a and ab initio 22b calculations (Table 1) which were in contradiction with the result of the simple molecular orbital calculation of Anselmi on the structures (18 and 19) 19 and may explain the experimental results. Although in the case of the oxo indole (6) -hydroxynaphthol (6') isomers the oxoindole structure (6) was calculated as about 8 kJ/mol more stable, the calculated stability reversed even for their N-acetylated derivatives (Ac-6) and (Ac-6'), the later being about 10 kJ/mol more stable. To this end it has been necessary to reserve the main elements of the original route, and to find an optimal embranchment into N-methyl analogs. To obtain this type of compounds, first the ketal amine (11) was formylated (method a: ethyl formate; method b: mixed anhydride from formic acid and acetic anhydride) into amide (23) , then in a subsequent step the formyl group was reduced with LAH into a methyl group to afford a secondary amine (24) . While the alkylation of 24 with propargyl bromide was performed smoothly into the desired tertiary amine (25) Another approach to ergot derivatives will be presented shortly. and cold water (100 mL). The phases were separated and the organic layer was washed with water (2x200 mL), dried (Na 2 SO 4 
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